At temperatures upwards of 36°C pediococci become increasingly prominent among the lactic microfiora of ryegrass silage and at 44°C lactobacilli are rarely found. This effect is not peculiar to the silage environment since it has been demonstrated in common laboratory media also. It may be explained simply on the basis of the greater capacity of pediococci for growth at the higher temperatures within the range studied. A possible significance of this phenomenon in relation to practical silage making is not presently apparent.
INTRODUCTION
Although a variety of lactic acid bacteria has been found in silage, it is now clear that only a few species playa significant part in the fermentation, especially when conditions are such that the product is satisfactorily conserved. Langston and Bouma (19GO) reported that, in good quality alfalfa and orchard grass silage, Lactobacill'u8 brevi8, Lb. plantarum and pcdiococci emerged as the dominant population. Thc prOt-lOnt author, too, has found these three bacterial types to be of outstanding importance in a large number of laboratory silages made from ryegrass. It was also evident in the course of this work that the proportions of these different lactic acid bacteria varied widely between silages and an investigation of factors contributing towards these variations was therefore undertaken.
The present communication describes a series of experiments in which a study has been made of effects of differences in incubation temperature on the lactic microflora in ryegrass silage, made under laboratory conditions. The results demonstrate that at temperatures upwards of 36°C pediococci become increasingly prominent. At 44°C, it is rare to find lactobacilli.
II. MATERIALS AND METHODS

(a) Plant Material
Short rotation ryegrass (New Zealand HI strain) was grown as a pure stand in the laboratory grounds. It was harvested with hand shears, cut into short lengths (i-t in.) by means of a greenfeed chopper, and thoroughly mixed before subsampling for ensilage.
(b) Ensiktge
Silages were made in small silos of the type described by Greenhill (1964) , 100 g of grass being used per silo. The lead piston applied a pressure of l'5lbjin2 to each silage. All material was incubated in air thermostats which maintained temperatures within ±O· 5°C of nominal settings. Grass was packed firmly into each silo with the aid of a glass rod and sealed with a rubber bung into which was fitted a water-filled P-trap. This provision allowed effluent to escape without admitting air.
Inoculation of grass for ensilage was carried out in the following manner. An aqueous suspension containing approximately equal viable numbers of the required bacteria was prepared on the basis of previously determined relationships between viable counts and optical densities of cultures grown in a standardized manner. The suspension was mixed with twice its weight of acid-washed, diatomaceous earth and one part of this mixture thoroughly blended with 100 parts of chopped ryegrass. Suspensions were so adjusted that there were, in the ensiled grass, 0·4-O·5x 106 viable cells of each added species per gram of dry matter. Control silages were prepared with grass to which the same proportion of a mixture of diatomaceous earth and half its weight of sterile water were added. Strains of bacteria used for this work originated from various laboratory silages.
(c) Preparation of Silage for Examination
At the required stages of ensilage (1, 2, 4, and 12 days) two silos were removed from each incubator and the contents of each diluted to 700 ml with sterile water. The material was then macerated at high speed (Servall Omni-Mixer) for 2 min, a separate, sterile blade assembly being used for each sample. Serial decimal dilutions, to 1 in 10 8 , were made with sterile tap water for bacterial plate counts. Samples (100 g) of the chopped grass were similarly treated at the time of ensiling. pH values were determined electrometrically on the residues of the macerates.
(d) Bacteriological Methods
Lactic acid bacteria in the silage macerates were enumerated by plate counts in a modified Mabbit and Zielinska (1956) medium (M & Z medium), the tryptic digest of milk being replaced by 1 . 5 % Tryptone (Difco) and 0 . 5 % Proteose peptone (Difco). Double layer plates were used and each dilution was plated in triplicate. M & Z medium permits excellent growth of silage lactobacilli and pediococci when incubated at 30°C. Strains of streptococci and leuconostocs vary in the vigour of their growth on this medium. Thus, it is not unusual to find, in addition to the well-formed colonies, others of varying smaller size, especially in plates from silage sampled after incubation for 1 or 2 days.
The proportions of different lactic acid bacteria making up the total population were determined in the following manner. Fifty colonies were picked from the highest, usable, dilution plates into MRS agar stab tubes (de Man, Rogosa, and Sharpe 1960) and incubated at 30°C for 48 hr. Examination of Gram-stained smears from these cultures permitted a preliminary grouping of (1) lactobacilli, (2) pediococci, and (3) leuconostocs plus streptococci. All cultures were then purified by plating and single colonies from groups (1) and (2) were tested for ability to produce gas from glucose, as described by Gibson and Abdel-Malek (1945) . Heterofermentative lactobacilli were further examined for growth at both 15 and 45°0 in order to identify "presumptive" Lb. fermenti. Differential counts of lactobacilli and pediococci grown in mixed culture in MRS broth were made microscopically using phase-contrast illumination of dried smears mounted in gelatine. For this purpose, a known volume of culture was spread over a ruled 1 cm square and, thus, total counts could be made simultaneously. 
Silage strains of Lb. plantarum have been found to be quite uniform in regard to their temperature relationships. Both growth and acid production in a complex medium such as MRS are greatest within the range 30-35°0. Little growth occurs at 45°0 and acid production at this temperature does not amount to more than 10% of that produced at 30°0. On the other hand, as already reported (Lanigan 1963) , silage strains of PediococCU8 show greater variation in relation to temperature. Temperature optima for growth of individual strains have been found to vary from about 25°0 to 38°0. With very few exceptions these pediococci were active producers of lactic acid from sugars and lowered the pH of MRS medium to between 3·8 and 4·0. Virtually all strains grew well at 44--45°0. At this temperature two groups could be distinguished; those with growth optima between 25 and 30°0 formed acid equal to 70-80% of titres at optimal temperatures, while those growing best between 32 and 38°0 formed acid exceeding 90% of their maximal titres. Interrelationships between temperature, silage pH, and lactic microflora have been examined in laboratory-scale silage. Short rotation ryegrass was ensiled under pressure in laboratory silos at different temperatures between 22 and 45°C. The silage was analysed at intervals during 12 days' ensilage. By then, the initial phase of lactic fermentation was finished. With ryegrass harvested at approximately the same stage of maturity in two seasons (first heads emerging) closely similar patterns of results were obtained. Figure 1 shows some of the findings in a typical experiment-Spring 1962. It will be seen that peak viable numbers of lactic acid bacteria were reached within 44-48 hr at all four temperatures used: viz. 22, 30, 38, and 45°C. Thereafter, the viable counts declined, except in silage at 22°C, where they remained constant at the maximum throughout the 12 days of incubation. Maximal counts were always highest at 30°C, decreasing in the order 22, 38, and 45°C. On the other hand, pH levels invariably fell more rapidly in the highertemperature silages, even though approximately the same levels were reached after 1 week at all four temperatures.
The composition of the lactic microfiora varied with incubation temperature (Table 2) . In 22°C silage, leuconostocs, pediococci, and lactobacilli, both heteroand homofermentative, were well represented after 2 days. With longer incubation at this temperature, leuconostocs were gradually replaced by heterofermentative lactobacilli. Leuconostocs were never found in ryegrass ensiled above 30°C and, indeed, only infrequently and early at this temperature. Hetero-and homofermentative lactobacilli, with some variation in proportions, were usually equally prominent with pediococci in silage made at 30°C. At 38°C, however, despite satisfactory early development, the lactobacilli were gradually replaced by pediococci after about 4 days. Pediococci were, with rare exceptions, the only lactic acid bacteria found, at any stage, in the silages incubated at 45°C.
In the foregoing experiments, no information was obtained regarding the initial population of lactic acid bacteria on the ensiled ryegrass, apart from the fact that it accounted for less than lO viable cells per gram of dry matter. Since the composition of this "unknown" population might be expected to have a bearing on the results, further experiments were conducted in which a known bacterial population was added to the grass at the time of ensilage. Ryegrass harvested at two stages of maturity (at head emergence and 2 weeks before this stage) was inoculated with a mixture containing approximately equal numbers of viable Lb. brevis, Lb. plantarum, and three strains of Pediococcus sp. just prior to ensiling. Table 3 shows that, again, pediococci were the only lactic acid bacteria found in the 45°e silage. At 38°e, lactobacilli accounted for about 12% of the lactic acid bacteria in the silage at 44 hr but were less prominent at 4 days and were not detected at 12 days. In the 30 0 e silage, however, lactobacilli remained more or less equally prominent with pediococci throughout the 12 days of incubation. 
30 0 e 38°e 45°e The selective effect of higher silage temperatures in favour of pediococci can be explained simply on the basis of their greater capacity for growth at such temperatures. Silage strains of Lb. brevis and Lb. plantarum grow optimally within the range 30-35°e but above 40 0 e the amount of growth decreases sharply. The former species does not grow and the latter shows only slight growth of some strains at 45°e. On the other hand a large proportion of the pediococci isolated from silage grow vigorously between 40 and 45°e. That the observed phenomenon was not attributable to inequalitios in the intial flora of the grass has been proved by its reproduction in silage from ryegrass inoculated with a known mixture of viable lactic acid bacteria. Moreover, confirmation of the result in an artificial laboratory medium indicates that it is not related to nutritional or other factors peculiar to the silage environment. The failure of Lb.fermenti to compete more successfully with pediococci in the higher-temperature silages is surprising as this lactobacillus grows vigorously in laboratory media at 45°e and Keddie (1959) found it commonly in his laboratory silages.
In farm practice, silage temperatures commonly rise above 40-45°e, especially when the herbage is stored in stacks or uncovered bunkers. It is in this class of material that the selection of a pediococcal flora may have significance. However, apart from their smaller ability to produce lactic acid, current knowledge provides no basis for an assumption that a silage fermentation effected by pediococci would be substantially different from one brought about by homofermentative lactobacilli, e.g. Lb. plantarum. In the present work no marked difference was evident between rates of fall in pH in 38 and 45°C silages and at both of these temperatures pH decline was more rapid than at 30°C.
